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C(QN"P't!l' 'II 

Abstt"act 

This report covers the major areas of "Act 1 vity durl ng the l'irut three 

months of a progrsm of research on dissemination of solid and liquid BW 

asenta. The objective toward ·.thich t.he 1-eaea.rch ·is di.reoted is t.he develop-

ment of veapon syeteima for the dissemination of these agents as a l ina 

source rrcm hish speed low-flying aircraft. 

~ The problems of feeding and handl1ne; of fine1)"divided colid·. agent~> 
~,~ r_,-\-.,!..J>~ 
aw d1vcuued along v1th app:! icat!ona o,· feed11lg rlevice~ ~>Ul:.tt aR :..;,< rew fef!'il-

ers, piston feeders and pneumatic feedera. · 
l..ut-64.J.J:f'\~.tt.~~.,~,. 

Progrea~~ preparing .for vind tunnel experiments 011 dtsseminatioll aud 
D.rl'dv ,· 

deagglaneration i• aeeexi"'eti IA&l t;lle ufteiaezat't•Ma in the design o!' a :3pe· . ,.. 
c1al teat aect1on f'or these experimsnte, aN Utl'~-.11ull o\ tiesCI lpeitJtl ..,.,_.§on 

UJ'"O-'l.J ~ ~· 0~ ct.... ... 
iaokinetic sampling probe t'Gi' "It 1A \AI ,jus~ iliHiR Ufir.-~•ntl&.ll ,.. ~ _..~ 

.~"'. 

" ~ . .. 

(.Pl'opss on a. study of the charactel·iatlcs or finely divjde,_i rnuterlu1n 

ia presented. Thio work include~; literutun~ ~o.n:h, theon::t.l-:ul 01nulyae-. 

and exparime?_:.~,;.. 
-·· U.I~...J 1 

J deaign otudy wllteh t:Ja.s tx.ea lnitlat.ed ..,,, nrt exlern"l td n·r·tLt'!; st.or~ 

fOr liquid asant dis:.;eminatlon.i-a tlfstQSihAo}., 

op!ratiout\1 analysis l.O dete.nnJne opt.imum debi~ll f1ov J'Ulcd l'or ··.f~vt,z·ul 
I 
lA) 

agetlts are presented nnd s otutunnry ~ive1. of :;t.urUc:; m.llltq•g t.u ~1~•.H'I•· 

n1rc:r.lft store design problemv. '\_ 
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'rhis Firat Q\lArterly Report pl"esents progress on Contract No. n DA-l8·0fM·00,..2745 which covers a seven-month initial phase of a pMgram of 

:reHa:rch OD the 111eea1nat1on ot solid and liquid 1Ji apnta. Oeno1·al Milia 
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Iuc. 11 the pJ'iJDI-aontractor for the prognun and North AmericMn A'liation Inc. 

1t :part1cipat1na aa a subcontractor, in the :field ot liqUid agent distlemina

tion. 

The ultimate obJective tcvard which th1a research 1.8 dired~td is to 

Pl'Cvi&! weapon systems for dissemination or uotb solid and liquid Bl' ~tgenL<. 

as a li.llB source frail high speed low-flying IIIB.nned and wunanned 11ircmft. 

These weapon systems will employ external disaeminating stores, t.es1gne3tl to 

be compatible with a variety of aircraft types, havins speed capabilitiea 

above o. 70 Mach Number at low altitude. 

Prior to the current prottram, the field of solid agent ci.h:iemina.t.jon 

had ntceived leas tl!lchnical effort than thllt cf .liquid ugent disaeminullou 

and vas therefore in a considerably lesa advnnced state. l<'or this reuDor1, 

the types of in.,.stigationn which ttre currently l>ejntt <'Oilllucted in the t\o'o 

fields are son~evh~t different. 

Relative to 110lid agent d1aaeminut1.oll, t.he major 1Jroblern at~as eurHHJt•Y 

J8.l.ng studied are feeding and handling of the ngent, dw.n:u.:tE'r1zutlon ot' 

finely divided solid mat.erilll.o, and deugg.lomcrutlon into t.l1t! lt:quire,i JIHI' 

ticle size range. The structural and aerr.d~wnlc problem:; ll(JiwdateJ w1 t.l1 

the application of external stores are also 1.nvoJ.ved in lli.l areu.~,; of ttJe 

atUdy. 

- .1. -
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In the tiel&\ or liqUid asent dissemination, a. design study has been 

initiated, to pJ:>ovtde eriter1a for design of a research prototype dis11eminator ""' .. 
stare. This study includes an operational analysis to d.evelo:P .flay rate :re

' qUil'ltmenh, u well ae work on more detailed problems of external store' 

D:l.acualiona ot the atUd1es pcrtormed during this first quarter a." 

preaente4 in the following sections of the report • 

- 2 -......... ., .. .., ........ 
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II, FEEDING AND IIANDIJNG OP FINSLY DIVIDED DRY MATERIW 

Tbe function ot the tee41ns system in the alrcrart external store under 

<l01lr.1an.t1on la to &~liver' tM dry apnt m&terial fra~~ t.he •"-oraee aeetion 

or the unit to the deagl.c.rat1ns seotion at a uniform and adequate nov 

rate. The flow rates currently una.r consideration raJ188 up to 30 pounda 

per lllinute. It IIIWit :pertom this !unction sat'ely, reliably and without ex· 

ceaaive power con.\apt1on. The t'et4inB syatem m.uat deliver the agent in a 

condition which is compatible with the characteristics o~ the daagglamerat

ing section. In the handling of the agent· in the feed1ng system, losses in 

viability must be minimdzed. 

It is also desirable that the feeding syetem be as nearly universal as 

possible with regard to t.he ranse ct agent properties which are acceptable 

in 1 ta operation. this is brou8ht about by t1Je fact that aev&ra.Y factors 

will influence the final selection or an agent for a given mission. 

A. Oecaetrical Considerations , 

Becauae ot the aewral limitations on the configuration of elCternal 

stol"'!!s or th11 type brousht about by aerodynamic considerationa ll1l well aa 

the aircraft dimensions, the shape of the storage volume from which the 

feeding system will drav the ~~osent is q,u1ta well estc.blished. This atoro.!§B 

vol1.1111t can be assumed to be a horizontnl, elonsated volume, which could 'be • 
a circular cylinder or an axially s~tric body of revolution with variable 

radius. 'l'he tvo wsw.enr.l poadbil1t1eo are sketched in li'ig\U'8a 1 and 2. 

'l'bue shap81 eagh orrer certain advantaps and disadvantages, ao that a 

clear c•.1t cho:l.ce is not indicated vithout considel'eltion of all aspec'ts of 

• 3 -

•unuM I Ill 
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Cyli~rical Stora~ Se~tion 

FIG'URE l 

SKE':'::n Ill.lJSTP.ATING CYUNDFUCAL STORAGE VOUH!: 

Stox<.l& Sec-tion 

FIGURE: 2 

SKETCH IUUSTRATIN·:; S'!'OBAGE SE~IO.fo: WHICH IS All 
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the ator&ft and feeding problellu. Tlu: cylil\drical shs},"e of'fe ra the advantnl'.bS 

of -ainspltfil!ld UJ~U~I.d'~ture and camputibili ty vith feedJ',r.g ~:~ystems which 1-equire 

constant diameter, sucll as pistons or rotating helical configurationa. The 

stora;e volUme shu~ of F!sure 2 ~o~d provide same~hnt greater storage vol· 

,_.. tor equal drag (or .redl.lced drag for equlll volU!lllt) but has the disadva.n-

tapa ot more ccmplicated manufacturing r..nd more restrictions CJn the 

characteristics of the feeding system. 

The storap sections of a pcaai'ole !'nmily of dey agent disseJilin&ting 

ato11111 which is currently enviuioned vill be capable of containing 1arge puy

lce.da. Althouah the effect of the napect :roti~, .2/d1 and e.ger.-t. bulk dena1ty 

on the required dimensions are obvious, Figure 3 is presented to conveniently 

sunaarize the range of dimensiona \lhich is anticipated. It w-ill be seen 

that many ~r the cases of 1nte~~st require storuaa section diameters between 

1.5 and 2.0 t'eet.. 

The S')ometric&l cousidt!rat.fono diacus~.>ed ubove focus atlent.lun on t.he 

ract that the uuccus.sful feeding _system w1 U he required to tmnc.la.tc iar~ 

roasoea of material over ho1·1z.ontal diut.auceu of severo.l feet. ltl aeven.1.l of' 

the JlOtent.ial. solutions l'Om:;ideNd, the f'eedine; rnecho.n1SI!UI will hove dirnen-

lliona COillp&rable to those shown tn fo'igure J, Co.reful considcmtion mut>L 

therefore be given to such prohJemtJ as ut.ruct.ura.l weiGht., potential t'ubr-t<"IL·· 

ti on problema, rigidity, dimensional control rutd relinh1ll. t.y. 

B. Power and E~r~tt Consider~it.iulla 

The reGultg of prcllmJ nary ctudies of the pCMer und enet·gy requi f'f'tnent.:J 

for neveral feeding concepts, in<"lUd1ng pnewn.:1tic, mechanical !lcrew feerlint~ 

a;y~tci!UJ and piston en·a~emeuL;, indica.t.l' thRt- many of t!te potential ao.iut.luu:. " -· 
will have t'llllsorw.ble p~er reql.lirements ~o~han corw1dered 1n liP)It. o.r. the, I'OIIIl'r 

available t~ ram-air turb1ne eeneratoru. 

- J .. 
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--~paeted 11l1,1g Qf uteria1 horizontally. The basic power :requtre~D~:Jnt 1u sirnply: 

Pwer .. P x A x u ( 1.) 

Wbere P is the pnuure :requinad to txan!llate the piston, · 

A is the piston area and 

U is the velocity of tre.nslattou 

Ueins a. typical dimeneton from Figure 3, v1th a .Phtu:1 diameter of l .• ') t'etlt 

and a Vltlocit;y of 0.7 feet per minute, Equation (1) indicates the ~uqlf;lndH•Jre 

of 1,0 I<W or powe.r IIOUld (neglectitlg .LOnaeo) p'roduce Q preaBUle Of ll.!1Pt'Ol'-i-

mately 250 psi. 'l'his Pl'USU.re iG believed to be rJuch higli-:1· tho.n would be 

applicable in a system or this type, inajcatins that the powar consumption 

or th18 t)'l)l of feeding system vill btl below one kilowD.tt. Calculations 

:relativ. to screv feeders and pneumatic a;yBtems yield eVtl.n lwe1· power 1-evel:J. 

RNil air turbines are capable of providing sti'veral ki.lwat.t:; ot' l'LlWt'J, 

and. are therefore cons ide red to be an nrleqoote anurce r,t· l}•JIIc 1 • Typi ( l\l I"-H-·· 

formance characterist.ics B.N! 8i Yen in r'igure 4, It; ohouJd br. poi tttt1d mtt. ttlr..Lt 

significant losses in the euergy <"~'nversi on syotemr1 are nutk iputed, but. l t•e.Je 

are not ex:pected to creute any t~xcesaive Tequtlemerit !'or :puwe~·. 

with the mechan1smc t'or energy conve rai on tm\1 f.l nul oe ll v~::ry t.o Lbe f'e~rl J nc 

ll:Ylltem, Severlll Of the feeding l'OllCI!pt.o (!tiCJUdillg H!~teW f'eeoie.r~;, [Ji :;tQ(l:1 1 

EJtirring devi<:.eol involve mecho.ninms h~vinR :relo.t~vely Jo-.,. lrur•t:l.ntiom•l 1ii 

.rotational velocitlee;. lf these Jllfh:ho.n!Gms are t.o dtd.lvez- J,ow~r ut .;iHrtl J'i. 

cant levels, hisll forcea; 11ncl/or high torques will to iuvolve.J. 'Pher-u '~<lir.p<:J-

oonta vill t;ave colluidf!rnhle maiHl and m~o~:;t be cono.:~Je:red iu <l.,.,,_.i 1 ir evnJl.IU-

tion of any pot~rJtilll feeolinc aystert. 
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S1n<:e tbl bea~ng ot thia study, several potential :reecUng systems 

liivw-·been u..tned in light ot the requirements and geaDetr1cal limitations 

41acuaaed a bow. Sewral of these U. df.seuaad briefly "below: 

1. Screw Feeding Sratems 

Screw feeding systems of severRl contisurationa nre ~r atwly. 

P:rel1minaey calculations shov that these devices are compatible vith the 

liiUI tlw rates :reqUired. A desirable feature ot t~s• systema is tl:\e VIU'i

&ble fled ra~ which Qan be achieved by variat1oD or t~rotational npeed. 

Potentially aisnificant problems eXist which are broadly} (1) obtaining 

proper tlw ot a material to tht screw tram the etoraS~t aegt:f.on r.nd (2) pro• 

vicUna proper 4et:f.sn to el1minate rotation of the mate:r:l.al :l.n tbe ac:rev &a a 

1olid alq1 ,vi th un•&t:I.Jtactory deli very reaul tina. 

One conti,Uration v~ioh 11 ot cons:f.a.~a~le 1ntere1t ia aketche~ in . 
FiSW'8 51 which 1h011a a lar,p aortv feeding a;yatem which occ\ll)iea tha entire 

aatnt atoraat r:ontai.ner. l':relimina:r;y calculati one ot the structural require

ante 1n41cate that a lllecha.niam or th1a type ia taai'Jible. In tha cue of a 

c;yl1n4ric&l a!ent atoraae volume the acrev could be of constant diameter. 

It this principle val. waed in a storap Vol\.lllle of the type. illua~rated in 

Fii'Jl'W 21 a variable diameter, variable pitch assembly would be req~red. 

TM &ttractiv. eh&ractertatic of the large screw feedirr is that all of 

the agent is initially atored in the ec:rev1 el1minAt1ng the problem of ob

taining flov to t~ screv. The structural problema are significant, due to 

the larp diunaions, and the problem or rlexib~lity of t~ 0\.lter ar.d inner 

structures must be carefully consid.en~d. 
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SQm reedarB are pnerally operated v1 th the solid :ma'-rial oecupyfns 

:~oviq materi&la conventionally may occupy up to 45f of the crosa-sectlollal. 

area. 'l'hls restriction, if impose!i on the exte:mal store would 'be quite seri-

oua. However, the rotational speed 1~ a aigniti~ant variable in this ~on-

a1~rat1on. Thlt low rotational speeds vhich would apply to the desisn in 

question are believed to be favorable to operation with larser quantities or 

uterial. 

The pcaa1'bil1ty that. the feed ra.te would not be ururo:rm aa the quanti t;y 

• of conta1ne4 mat•ri&l decrease• could probably be handled by prcsranming the 

speed of rotation durins the dissemination period. 

The diacuasicn to this point has aaaume4 a solid screw oontisuratton. 

A possible alternate aol\lt1cn is found in t,_ "ribbon" reeder, in which the 

tet4in& scra~n ia open at the eenter. It appears thAt this device would 

alae be canp&tible vi th the concept illastrated in Fisure 5, Poalaible ad

vantqll are :ra4uee4 at%\l.Citural weight ana. call)llexi ty and reduction of the 

probll:a or r.,idual ute:rial 14he2'1q to the aurracu ot the •crew. 'I'he 

ribbcm delip it le11 ;polit1ve in ita act1on an4 tM material cou.l4 easily 

m~ horilcmtal.l:Y thrculb t.he sto:rap aection 4\.\ring operation. lt 111 · 

'tlelieved. that a ay1tem at thit type ab~d be arranpd 'tor variation ot the 

rotational apee4 to provide the dea1red feed rate. 

Thl appl1cat1011 of llll&l.ler acl"ev reedint ay1teJU 11 alao ~ins conai· 

~Nd.· A eltetch or ont such concept it shown in F1sure 6. In thia partiaW.ar 

l. Hu4aon1 w.a., C'onveyors and rela.tod equipment, 'I'hird Edition, John Wiley 
and Son, ~ York, 1954 {a) p. 14, (b) p. 190. 
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approe.ch the material ia delivered to the deae;slomenting section by a small 

acrev which ::ecei vaa matertal frCJII the storage section by gravity flov. A 

•:r•tu ot rotatins rods is utilized to preclude brid!Jing of the material. 

Inclined planes are provided near the screw to reduce the rasidual material. 

The lliftillltllll angle vith the horizontal is a function of the ag.nt character-

iatica, but provililion for an adequately steep angle does not appear difficuH. 

If flew of the ~~~ateriAl. e.lona this !:llide presents a aisnificant problem, the 

"Airslide" concept (Heference lb) might be applied. In this system the slides 

&l'lll porous and &ir or sae t'la...a through the surface from below. 'l'hh permitn 

the WJe of lover Angles of inclination. The total power requirements for 

operat1ns an airslide 1 the stirring rods and the sc~ feeder are expected 

to be vell below one kilowatt. These and other concepts for Bpplication of 

ecrev feeding systems vill receive continued study in the future. 

2. Piston Feeding Systems 

Piston feeding systema have been successf'ully used by l''ort Detrick 

Personnel in the dry fill, INAR Rocket Fixture. In this device, the piston 

exerts a press11re directly on the fill material vhich ia also in contact 

vith the cylindtn• vlll.ls, and translntes 1 t to !\ high sJJCed rotllry deagglo-

me ration device. 

A possible problem in utilizing this principle in very lar~e ai~craft 

stores containing 500 to 1500 pounds of asent is that the pressures nenin~t 

the piston and cylinder may exceed deoirable lewls due to high ferces de-

wloping against the valls. Here 1.\gain, the structunl na:pecta are ~lieVed 

to be a much mo~ significant consideration than the pover requirement as 

- 12 -
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su~h. It was pOinted out earlier th~t expenditure of l kilowatt of power, 

vitb a piston of' 1. 5 rt cUameter, 1110ving at 0. 7 feet per minute could pro

duce a pressure r4 250 psi. 

Zenz and Otn..r2 refer to the existence of a maximum length-to-diameter 

ratio for a slus of material 1n a piston. This ratio ia related to the in· 

temal ansl• of friction, a, as follows: 

tan Cl = i/~ 

SaDI experimental evidence is reported2 vhich iudicates that, at higher 

vuluu of i/d the slug of material will lock, so that the plug cannot be 

movttd, even with veey high pressurea on the piston. 

Sufficient information on the angle of internal friction of potential 

a~nt JR&t.eriala io not available to rermit determination of the effect of this 

locking tendency on fe~J.lug system design. It is al!;o likely thnt the frlc-

tion coefficient of the wall il1 nn important variable. The use or lmr 

friction materials on the cylinder vnll could bring about An important 1m-

provcment. 

Considerations or the type outlined above suggest thnt a piston feeding 

system might bo enhanced by ctncaoing the agent material in a thin ahell which, ..., 

when uuprJOrted by the cylinder could 1mpruve the structural integrity of tl1e .1 

slug and g.raatly reduce the piston pressure :mquind. A 'Teflon 'coating on 

the surfaces would provide a low friction coefficient. ~den3 reports n 

friction coefficient of 0.04 for Teflon sliding on Teflon and a value of 0.10 

for steel slidins on Teflon. The required piston forces w~ld be extremely 

amall under these conditione. 

2. Zenz, F.A. and D. F. Othmer, Fluidization and fluid·pnrticle syutema, 
He1rihold, flev Yorll, 1960, p. 77. 

3. Bowden, F.P. and D. Tabor, Th~ friction and lubrication of oolida, 
Oxford, 1954, p. 165. 
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Tbere are, of' course, many problems associated with thitl concept; one 

or the moat d1f1'1cult appean to be the "stripping off" ot tbis outer shell 

u the slue ot •tenal 1a ad•!aneed tovat'd the cJeaglane:rator. 

We ~ cur~ntly studying various possibilities tor accomplishing this 

ruoval or the caainaJ with part:t cu.ter reg&t'd to the potential rel!abili ty. 

The pieton-tn- feeder is very vell suited to handling compacted 1118-

teri&l. In tact 1 in its simplest form, vith0\.1t an external casing, a. cer· 

tain deg.ree of eC~~~~paction may be requil'11d so that the entire slug is 

advanced u the piston moves. A m.te:ri&l. of 1011 bulk dens! ty will be com

pressed durins the initial travel, so that the r .. c1 rate vould be far from 

linear. 

The beDefita in reduction of the dimensions or the stlilre due ~o compac

tion are illustrattd by FigUre 3· 

3. PneUJDBtic Feeding Systelll8 

Several applications ot pneumatic systems are discussed by Weller4. ' " 

A rather COI!Iplete covwrage is also given by Zenz and 0thmer5. Ref•reJlce 5 
' 

aloo presents an extensive bibliography on pneumatic conveying systemB. 

It is important to make n clear distinction between the problem of uti· 

Hzing pneumatic energy to feed oolid ~teria.ls out of a .bulk storage area 

into a convaying duct and the separate problem of transporting the tvo-phast 

mixture through the duct, A le.rge part of the literntu1-e deo.ls v1th the 

second problem vhich is considered to be minor in our application compared 

vith the first problem of obt&inihg a controllable flov ~2t ~f s ~u~ atorage 

volume. In many of the conventional conveyine systems ~~e actual feeding is 

4. Weller, L.G., Automation, Vol. 51 No. 7, Jan. 1958, p. 69. 

5· Zenz., F.A. and.]). F. Othmer, FlUidization and. f'luid pa1'tiele systems, 
Reinhold, New York, 1960, pp. 113·350. 
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done by non-pneUIIIAtic methods, such as screw reeders or gravity feeders. We 

'wieh to conaider here the use of pneumatic means in feeding. 

a. Feeding Concepts. • The two gene~ classes of systems that 

ara apparent are (l) those in which the solida are thoroustJly ll11xed with air 

atremft so that any mass of air leaving the system will carry with it a given 

mass of solids and (2) those in vl'lich the airstre8111 is so .:ozJtined as to 

cn:~ate sUfficiently high surface velocities across a free powder surface 

(otl:le:Nise unmixed vit.h air) to entrain u significant concentraUon of sol

ids. These two classes are illustrated in Figu:t't! 7 and Figure 8. 

The general prinCiple illustrated in Figure 7 VBS applied by Oeneral 

Mille, Inc. in particle disseminating external stores. 6 In this case the 

source of presaurized air vas ram air at !l pressure differential of approxi· 

rnately one-half atmosphere above the ambient atatic: pressure. rn applying 

this pri.nciple to the currently considered diaRemination problem, the signi

ficant problems appear to be (1) the devJce woUld be limited to handling 
~ 

non-cotnpacted materials and (2) tl1e use of rwn air as n ...,orking fluid might 

' be undesirable under high atmospheric hwnidity condHionu. Further cohsi-

deration of the selection of a motive g~s vill be presented in a following 

section. 

The general principle illustrated in Figure 13 doer. not jnvolve pro· 

lon811d contact of the agent with the air and th~rerore 1s considered to be 

nomewhnt less likely to bring about deleterious effects due to the tempera-

tun: or humidity, 1r rum air i.o used, This concept hao a potentinlly strong 

6. ~neJ"e:l Mills Report No. 1720 (Secret) J5 Jvne, .t957· 
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disadvantage in that proper placement of the moveable entrainment device may 

be illffic:u.l.t as the laval of agent decreases. Conceivably, mUltiple en

tra1z=ent heads c:O\.\ld be used to 111\prove this situation. 

b. Selection of the Motive Gas. - As previously stated ram air 

has been used as a motive gas in partiale disseminating stO:rctlil• Ita availa-

bility and lov drag penalty associated vith its use are very attractive fea

tures. However, in systems whet<e the ram air i,s thoroughly mixed with the 

viable agents, it may produce &011111 deleterious effects. The moisture con-

tained in the inlet air under high bUI!lidity conditions, mBy in time increase 

the moisture content 1n the agent material. The fact that the air is heated 

by the stagnation process, produces elevated temperatures vhich may cause 

loss of viability. Fisu:. 9 shows the stagnation tempemture versus atmos-

pheric temperature and fliiht Mach Number. It can be seen that air tempera-

turea in the r.sion of 70°C may be encountered under normal conditions. It 

ohould 'oe pointed out, however, that ttle lll8ss flov l'!lte of oJ. r is very lov, 

about l~ of the solid mass flov rate, and that the total enerf.tY represented 

in the heated airstreB.IIl is not gnrat. 

Consideration hae been given to the drying of the inc <Jilin~; ram sir stream 

by solid adsorbents. Although this measure could potentially remove the 

problem or incm1ng moisture, there ia an addi tionn.l temperature rise in-

curred. T~i~ is due to-the latent heat of vaporization of the water vapor 

and the heat of vetting of the adsorbent. Depending on the atmospheric hu-

m1dity and flight speed, this effect will account for an additional tempera-. 

ture rise of approximately 10 to 3o•c, which would 11ggravate the henting 

pro~lem previouoly mentioned. 
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The 11bove considerations pertaining to I'Blll air sug&l'st that it mny be 

better to use a eto:red gas tor a. motive fluid. It has been demonstrated 

that a gaseous mas• tlav rate or approximately 1~ or the solids flov rate.ia 

adequate in some cases. 

The storase or this quantity or gas in the compressed rom 'tlould require 

a pressure vass~l which would we1sb from 6 to 10 percent of the agent pay

load. Storase or the sas in a liquified fol'!ll would reault in a considerably 

lower mass penalty. For example a carbon dioxide cylinder for liquid phase 

storap would weigh approximately 3~ or the agent payload. These penalties 

do not appear to be sevare enough to eliminate this s.pproaoh frcm conoidera-

tion. 

Work is being continued on evaluation of the potential of pneumatic 

feeding syatems. 
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III. PREPARATION FOR DISSEMINATION Mm DEAGGLCI!ERA'l'ION EXfElill!ENTS 

Experiments on cllsaendnation and deagglomere.tion of finely divided 

1!18terials will be conducted as part or the current ,?T'Oject. During this 

period; detailed considerGtion has been,given to the special requirements 

for :perfo:nning thin type Of.' experiment in a wind tunnel at Ma.t!h numberD 

of 0.60 to 0.95, the approach for the initial experiments has been selected 

and nevere.l itema of o:pecial apparatuo have b~n designea Md f&briel\ted. 

A. Diac\\Seion of Problem o..nd Deacript ion of Approach 

The GuceessfUl operation of a BW dissemination ey~tem of the type 

under consideration requires that. the finely divided agent materials be 

delivered into the atmosphere at the correct rate 1 deagglomer&ted with 

' rcaao:nable efflciency to an effective particle size range, transported in 

the atmosphere to the target area and arrive with a satiGf'nctory concentra-

tion of viable organisms in particles in the correct size range, generally 

conatdered to be below 5 microm1 in dia.meter. 

In the series of events vhich ia.ke p1n~:c befot-e and after the materinJ. 

letLvec the disceminatar, there nre several potentiul hazards vhlch llll.I.Y re-

duee the final effectiveness and therefore are important considerations. 

A fev examplec are (1) possible loss or viability during de&gglomeratlon, 

(2) lo!ls of viability during the atmospheric transport phase, due to ~ltrB-

violet ro.dl11tton or humidity conditiuzu; and (3) re-o.gr,lomemtlon dunng 

the ot.mosplJerlc tmnsport phase. Final demonatration of the performance 

of such B ayatem vill therefore requ.i re fu.ll-sco.le rteld opera.tions, under 
... 

a variety of meteorological conditions. 
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However, it is also important that regardless of the magnitude of 

effects of this tJ~Pe, the original deagglaueration of the partieles must 

produce an aerosol with an acceptable particle aiz~ distriout1on. For 

this reason, it is conside~d vital to separate the variaoles by cooductlng 

experiments involving determination or physical particle size di~tributions 

in addition to the biological evaluation techniques. 

The 1n1 t1al experiments to evaluate dissemination and deagglomeration 

con~epts will involve physical particle size determination. This will be 

done by utilizing a high velocity 1sokinet1c sampling probe in the test 

section or the aerosol wind tunnel. This probe~ vhich is discussed in 

data.il in a late:r section or the report, receives the aerosol at the teat 

section velocity o.nd gradually decelerates a small portion of the rlow to 

a low velocity which is acceptable for membrane filter techniquu or 1m· 

paotor collection techniques. Although the physical method will be uned 

in the initial evaluation experiments, the approach is also adAptable to 

biological techniques by substitution of a. suitnble particle sampl~r in 

the lw- velocity section o!' the diffuser. 

The blow-down w!nd tunnel nnd the hlt;lt velocity sampling oyGtern to be 

u:~ed in thene elrperimento n~ brie1'1y discussed 1n the two sections ..,hich 

foll01o'. 

D. Blow·Dovn Wind Tunnel 

The wind tWUlel ::;ystem to 1::e used in these experiments is sketched .in 

Figure .l.O. Alr flows from the storage receivers to the test section through 

a atornge type heat exchanger, h!~J efficiency filter, ma~l control valve 

~ 21 • 

\. 

i 

• 



lt 

-- .......................... t-" ·--• ;~ ~--~ ........_, ... '~ '. . .. 

_ 
1 

p _ Sontr::l.:'.-' · .c. ?ioer V 1 . ~~ ?-i-lt-er--~ a~ ' I ,-~~~g St:=~~~~~., ---JL-~t=- --- Pressure " ------.......-·--- - --· -~·· -·-
I i -::eat EY.c:-.fo.r,ger 

I ,, 

··-· ......,.~ .• - ... - ..... - .... • ----~~'<';r ......... ~.,.. ..... _ .... ~r:t~..--,.":-c~~r:""~'!:"-:'*!'' :w ; s s. t:J.~~ ·--· 

St11tic 
Pressure 

' ~ I ~ 

\ 

~~-.;.~: ~~~ = ,.,... 

Exh!lust 

--Collector 

.1\:! 
1\) 

~T' ~·;·'r: 
Valve-\ 1-toC..el Disseminator-: 

L~'--Vacl.WIIl 
Pump 

l~''' :"\lllfi 
I 
t 

• i 

:t . ''G ~ 
">---stora.£!le 7ank.s 

FIGURE 10 

BUM-D<w.: Wir.D 'l'UNNEL SYSTEM 

- Swnpling 
Probe 

l.Wind Tunne.J. 
Test Section 

li?~~~ ii s. co • ··m<~~<~~ 
o~a. CIICD -a.O..Q;' 

1111: ~ () 3 
~ ~~i c.o· Q. 
- Cl ::u-..... noo a9g" 

tl ~~~ 
I 
f 

! 



:! ----

... -'-------···~-~----- . 

I· p 
! ~~ 
'r ' i 
~ «~ 

I 

~ ~~ t • 
i 

t }i l .; 
I 
r r 

1: 

j; 
L 

t 
1. 

L 
l 
J. 
, 
j 

..__ 

1 
1 
1 
1 
I 
l 

Page determined to be Unclassified 
Reviewed Chief, ROD, WHS 
lAW EO 13526, Section 3.5 
Date: t;J~( 1 7 2013 

and sti.llins chMiber. Air is supplied to the storage receivers by two

• stage non-lubricat~td reciprocating compressors. The heat exchanger permits 

contr!)l of the stagnation temperature and static teraperature in the test 

section. Due to lts high effectiveness, the te.mpernture is held to vithin 

31t or its initial value over the duration of the blrn~-down run •. The in-

te.rnal tem:perature of the heat exchanger is controllable so that exper1-

menta at various test section static temperatures may be mad$. 

Tho minimum test section dimensions are 2.80o x 2.800 inches. Tle 

tw111el is designed to operate in the Moch nUJn.ber range of 0.60 to o.~ at 

o. pressure of 1.15 atmospheres. Under the maximum flow- conditions the 

system io capable of P. 20-ll8cond flow duration. The model d.iBBeminators 

will dl~,;chare,e i.nto the air stre8lll at u location 6 inr.lles from the inlet 

to the test section. The inlet of tlie aerosol a8lllpling 1;robe will be 

placed nenr the downc;trewn ew.l oL' the Lcut, nectlon 11hid1 i6 31 inches 

long. 

l. 'l'eot Section IX!nleu u.nd Flcv ConditionG 

During the jnjection of' lrut:;e ~t.Q;lomorated powder particles intu 

th" wlnd tunnel, c. drug force causes thelr nccelerntion and break-up into 

small part ic.l.e:l. Since drar; .ls · tl ::Jtro11g function of t.he ctream velocity 1 

It ia nppare.nt thnt thi.D parnmeter vi l.J lJe one of the more 1r.tportant onea 

ln the atud!es. A speciul emphnsl.s has 1leen placed on its conttol. 

Prcllm!mny en1 culat I on:; of the Mncl1 number varintion in the tunnel 

lndJ.cated tllnt 1 t is necer,!;nry to l!lllke the ·.mll:; diverge oll ghtly to pro

vide l·fnch numbe rG above 0. 70 nt the In.)'! r.ti on loc.l.lt ion. The re-oul tJ nr, 

des! Rn o.l J owe for n c-0n.1tant Mnd: numoo r nlont:r. the Ju l.t .lengt!J of' twmeJ. 
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• 

The am.ount of divergence was determined by calculating the boundary 

la~r di!Jplacement thickness and shwed that a total divergence of p.2• 

was necessary. Thus the lnl.et and exit dimensions o.re respectively, 2.800 

in. x. 2.8oo in. and. 2.9o8 in. x 2.908 in. 

A manWllly operated) eccentric :plug·type control valve is used to main· 

ta1n a constant ntagnation pressure in the stilling chamber. Experience 

has uh01o1n thut the pressure can be held to within one percent or the re-

quired stagnation value or approximately 30 psi, even though the storage 

tank pressure varies continuously during the run from 200 psi to M pai. 

To ru.rther improve the control, a.n adjuotnble oonic nozzle vas designed 

Into the cxi t aection, vhich nets na a flow regulator. The Mach number 

remains constant in thio application. An lld.Ju.stment of the oonic nozzle 

pennito operation. at diffe~nt veloc.ities. 

At the ·tutmel inlet oection 1 smooth Wlifom flw· ia deslrab.l.e, To 

ll.RR1-Il'e ttmt it is obtaineol, the llJ\CA standard requirements for nozzle flOY 

mete ri llfl vcre npplied by usin6 the 12 ft. 1 ong 5ett11ng chwnbe r and the 

stand.ard nozzle profile ohuwn ln l•'lgure 11. An inlet nozzle having thio 

profile has been fabricated from polyecter resin with glass fiber reinforce-

ment. By applying thin material over a poliahed mold, a very omooth sur-

face ws obtained. Thl:;; technique was used ber.nuse of prevlous fa.vorablc 

exPerience in a. slmilar application. Jt la con:;tderalJly leea expen.'live 

than rnnchinlng the nozzle, s I nee the proc.;ess eliminuter. the need for 

mnchinint~; internal surfnces. 
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2. Instrumentation 

It will be nc:eeasary to obtain such flov inf'onnation as tunnel 

Mach JlUlllber, -velocity~ mass now rate, and Reynolds n1.1111ber. 'l'hie will be 

done by measurinG the atngnat1on pressure and temperature in the stilling 

chamber, juat upstream or the tWlnel inlet, and the static pressure at the 

inlet. The t'cllovins isentropic flov relation.a will be used to ce.lculo.te 

the tunnel temperature and determine ::JUch air properties as density and 

• viscosity: 

'I'he veil.oci ty, maas flow rate, ~nu Reynold:! number w-ill then be calculated 

from the following equo.tiono: 

m = PVA 

n d = ./-JVd 
e JI 

vhere Po - stagnntion presaul~ 

p - ~t~tic pressure 

M - MaC'h number 

T - 5tatic temperature 

a' - ratio of specific hea~s 

V - vP.Inc.Lty 

R - t,'ll5 constant 
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m ~ mass flow rates 

A - erose-sectional area 

.;? • density 

Red - Reynolds number 

d hydraulic diameter of tunnel 

fo • viscosity 

C, High Velocity Sampling System 

- ....... - ' ..... -·~ .•. ,.,_,.,_ 
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In connection with the wind t.inne} study of dissemination concepts) f t 

will be vital to determine the particle size distribution in the aerosol 

which is generated. Since suitaole techniques for sampling at high sub-

sonic Mach numbers ho.ve not been previously developed, a new sampling probe 

11aa been designell.* 

In orde.r to mllke thin high velocity. se.mplins sye1Jm canpat.ible vitJ·, 

the use of membrane filte~s as ~ell as impactors and impin~re, a diffu~er 

sampling probe has been designed ~hich ho.ndles only n small part of the 

total rnasa flow rate i.rt the t•.1.1mel. 'l'he 'lelocit.y is reduced to e.pprox:i-

mately one percent of the inlet veloc.l.ty before leDving the diffuuer. ln 

designing the 'probe, three factors ..,ere r.onsic\ered to be very 1mportnnt.: 

( l) prov1 sian 1'or isokir.etic inlet condition~, ( 2) avoidance of flov ae i ·a-

ration nnd (3) limitation of the particle deceleration rntea. 

Figure i2 .is a Gectioual. vie'll of the probe. The internal 6urface ill 

pa.rollel to the tunnel nxis nt the inlet. The maximu~n angle of diver~nce 

is 10 degrees, which 1::: conc1dered a.; tbe up1:el' limit for efficient difru-

sion. During isok..:.neuc sampling, the mt1ss flow rate through the probe 

will be 0. 72 ~rcent or that ln the tunnel. 

• The experience gairJCd by General M1.Us in ieveJ.oping an isoldnetic aircraft 
st~~~~pling system under r.ontract No. AF 19(601•)-7.226 hns been applied to this 
dcslgn. 
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• Because of the mnall inlet diameter and continuously curving irrtf;rnal 

surface thro~ most of the diffuser, a fabrication technique was selected 

vhich involved. molding the l;lrobe fran polyester :rea.in, reinforced vith 

fiberglass. This method, 'tlhich Ms been used successfUlly at General Mills 

in a similar application, employs a met~ mold ~hich has been machined to 

the correct contour end po~iohed to give the desired smooth inner surface 

finish on the probe. F:l gure 13 allOW'S the probe made by thi a teehnique. 

Thia probe may be silver plated by the chemical deposition method, if .iu• 
ture experiments show that a conductive surfac:; is required to preclude 

particle collection due to electrostatic charges on the plastic surface, 

To obtain close control over the inlet conditions, o. vane-type 'lfa.cuum 

ptllllp ..,ill be used dwnstreom for the diffuoer. The flow and pressure cha.rnc:

teriotica .of this pump will be detennined before it is used in these experi

ments. A pre -determined mnoa flow can be obtnined by controll'i ng the inlet 

p:reC&\U'e with u throttling valve just upstream from the pump. It is be-

lieved that the !ookinetic inlet ~qui rement enn 'be fulfilled 'by thia 

method. 

It is felt. thn.t flow oepa:rotion from the d.iffuaer wall should be avoi-

cled, since 1t mieht cause a non-IJJ'\ifonn particle dlatribution at the nctunl 

ONIIJlling location. Tbe mof.lt crltical reaion is believed to· be in the sec~ 

tion or the cti.ft\4aerwhe:re the l•lueh number io above 0.50. Therefore; tn 

avoid oeparation, the angle of divergence in this aren was mode amnll; np• 

prox1mntely 2 degrees. Gince the perfonno.nce or the probe vith regard to 

now separat'ion is considered important, a thorough Rt,ldy of the .fl01t con-

dition:. tnrougilo~t the !n'ut.e wHl be :r.adc !.:: e. 22 .)'; 22 tn"h hl gh r.ubnonic 

~ ( 
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wind tunnel, proVided to Genernl l>tilJ.e. by Fluidyne Engineer'lng Corporatlon. 

In preparation for thb wind tur..nel '«urk, four pressul'e to.ps ilave been in-

stalled in the diff•Juer vall, nn ~hown ln F'igure 13. By determining the 

presaure recovery for varioua inlet velocities o.nd mass flow ra.tea, flow 

• eeparntion cnn be detected. 

To assure that a representative particle sample is obtained which in~ 

dicateo the condition of the particle<; in t.he tunnel !!tream, the decelern-

t.ion in the diffuser was made small in comparicon with the accelero.tion.on 

the purtlcl~s d.l,ring injection into the tunnel. Ao estimate of the drnc 

force on the po.rtic.lco ohOW'ed that du:ring dece.lemtion it is leso t!1un 5% 

of that d.urine acceleration. This is conaidered ::annll enougil to meet the 

object, i ve , 

Tile nrst collection dcv.ice to be Uf.1ed will be the H.iJlipore filter. 

Thin method will provide :Juch U<Jef\tJ. int'onno.tiott us pllrtic.le diGtribuUon 

over the croos-aec1.1onnl aren of the probe. Since the count.inr; prrweGG 

jnvo.lved ln this methnd ic. teclh•<~!':, It lo c>:pected thr1t. 11. r:nocBd~.impuctor 

technique, vllich w.llJ glve tr.e necea:mry l'cou1.t.:; frwl.cr, will be utitit.t-r.i 

Jn late!' experimentr. 
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INVESTlOATIONS OF THE CHARACTERISTICS OF FINELY DIVIDED MA'l'ERIALS 

An a part of this ~ro~ of dissemination research, the characteris~ 

tics of finely divided materials are being investisated. ·The future design 

and Buccessful application of line source disseminators for dry agent rna-

terials will require a mora complete understanding of the properties of 

these materials. 

OUr work in thi:l aren has inclUded a sea1-cll of the literature, 'pre-

liminary independent theoreticnl nnalyeis and laboratory experiments. Each 

of' theoe phases is discussed belO'of. 

Jl.. Literature Search 

The prob1elll of developing u. general theory covering the kchavior of 

particulate material io an extremely complex one which has been approached 

by mnny investigators. An exte~s!ve literature search was conducted by 

Orr and Dnl.tavalle 7 covering the ro.ctor~ influencing ~1e agglomeration o.nd 

dea.gglomeration or solid particles. 'l'his search hao Elerved ns very useful 

bnckgrounrt for the present work. 

'!Vo major subJccto vllich ·!lore videly discussed in the l:!terature are 

(1) forces between partic!eo r1n<l (2) f'101>1 chure.cte:riatics of povderc.· 1\ 

brief review Of each of these subject::~ follows. 

l. r«:'rcea Between Pnriicles. 

The rorceo between moleculefl contribute ntrongly to the cha.roc-

terlstics of povders. Theae forces opero.te over longer rnngea than chemi-

cal nttract1ons vhich link atom:; i r.t.:: compourui:;, lllld are capable ar drnlling 

1. Orr, C. and T. M. Dalluvutle, Studlea and inveotie;ntlons of agglmeration 
nnd r\~agglc.neration of udid part ide::;, Sc:::if.inal RE!port, l"roject !io. 
h-233, Georg!~ Ir.ytitute of Technology, Jur•~ 30, 19)6. 
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particles into an agglomeration. Intermolecular forces are responsible 

for surface tension, adsorption, capillary action and other surface pheno-

mena which contribute to the chnrncteristic~ of powders. . 
2 • 

trewton 1 a law or uniVersal grnvitation contains the tel'!M G/R ; vhere 

0 is the constant cif proportioiUllity and R tlle particle sepnration distance. 

IIovever, Pierre Simon d.e Laplace and Alexis Cl11ude Clairaut, mo.thematicillnll 

' .. 
of' the 18th century, found thnt intermolecuJ.ar forces fell of'f more chnrply 

' thM the square of the dista.nce and thut the constant of proportionality 

could be different for different molecules. Estimates of intennoleculzu· 

force:; have now t!lken the ronn C/Hn, • vht'!re botb c and n are constant. 

Mlllly investigu.tors of the forces bet;.reen particles founu Vl\n der Wnnl o 1 

forces and electrostntic forcea to be tlle most importMt. Van uer Wllnln' 

forces are nl"Ways present between po.rticles brou~tt toeethor; electrostatic 

forces exist only when chnrt~ecl pfl'l"tic.lco ore close tor:;ethe:r. 

Van der '..lunl:; 1 force::; even exiot bet'w'een neutrnl purt.SI"ler. nnd are not 
0 0 • 

duo to coulomb forces or pcl'!lla.nent elect. rlcnl dipole a. I.enzumi-.Junes c1e-

rived from wo.ve mcchnnlc:o t-he relntiunahlp: 8 

F "' A. a-·r 

where r' ., Van der 'iltmlu' force 

A .. \'n.n <lcr Hoalo' conr.tnnt for o.ttructi.on 

R • inte:rnwlcculur <ltnttu.ce. 

Many believe thnt mo1eculur forr.ec are not influenced by internet. I on:..; 

with neir.hborG, und there l'nre the t.ntn 1 f0rce exerted on a mo leculc i :-: 

II. l..ennurd-Joner., J. E., Cohe:;1on, Prot.•ec<li11CLI of the Ph~·u. :.ior.. ~: 
il{,l-b2 (l')Jl) 
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obtained by addition of the forces exerted by eaeh neighboring molecule. 

Hamaker9 allcl l3radelyl0 approximated the energy necesso.ry to pull two par-

tieles apart as 

(2) 

where E "' interparticle energy 

D the particle diameter 

x "' tho :l.nterp!ll"ticle diatance 

q "' nUIIIber of molecules contained in a unit volume. 

It may appear t.hnt the force becomes infinite when ..CJe particles .are 

together, but the force is limited by a minhnw value of' x. 

Many investigators determined results which were comlioto.nt with t!te 

thcorctir:!U London-Vun der Waals' interparticJ.e force. !nvestigntorG 

de Boer11 and Hamaker9 culculatcd t'hc order of mutpl{tutlc of these forces, 

and Hamaker gave equntiono for the interaction of particles as o. runct.ion 

u1' the particle diatance, x, for di.ff'erent ohaper. of partie leo. Hlllllnke r 

l'ound the force ror two flat ourfa<.!en separated by o. disto.nce, x, to be 

inversely proport1or.n1 to the cube of tt1e oepnrali on. Vnn de r Waals' for-

ceo become significantly more importo.nt a:J the pn~c.le oize bceomeo 

smaller. Irregular ohaped pnrtic:l.ea llllldc tile problem conoidernt1ly more 

difficult, since Vnn tler Wnulu' rorce ll.l dependent on pnrticle :;hupe. 

9. llarnaker, 11. C., /1 Renerul t.heory of Lyophobic Colloid::;, 1, Rec. 'l'raz. 
Cr·im., SS: J.Ol~-;::6 (1:!36); f\ uyotc!T' of Collolcl Phenomen11,Rec. Trat. Chim.,, 
:;(,~ '72'{':47 (1937); an<l Lor.don-Vun cler Wllllls' uttrnr:tlcm between ::phcri
r.al particles, Physica,~: 105n-7~ (l'Jrl). . 

H>. Dradely, H. ::;,, TLe coheGion l>etveen :;mo:te pnrticlen, 'l'rnns. of the 
Faraday So(;., E_; 101\{_:.')o (1')36). 

11. de Jkler, J. Ji., Tl!e influenee of Van der ;·ianlr. • fllrt"er:; and. prlmary 
bor.do on bindiug cner(;y, Gtl'enr,th ttml orientation, l<flth Cl.>eclaJ refer
c::::c tc scme Art i .l"~..-: ~i. reo j nn. 'I' rona. , .. arad1\y 3oc., .F.: 10-·~1:1 ( J9~(;). 
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It is common 'belief that Van der Wn.nls 1 forces between particles are 

due to the molecules nt or near the uurface. Thus, the radius of curvn-

ture of the opposing surfaces of close particles ~ill determine the inter~ 

particle force. 

B. G. Casimir and D. Polder~ who vorked out an electromagnetic theory 

or molecular fo:rcee in 191!8 did not use the clo.aaicnl picture of radiation 

but rother the ideas of quantum mechunics. The Cusimir-Polder theory showed 

u force dependent on K/REJ where K is different from Vun der Waalc' con<Jtu.'lt 

for o.ttrnction. So~ investi~tors today feel tho.t both Caoimll•-PoldGr 

and I..ondon-Van der Wao.lo 1 formulas apply only over an nppropriate mn['.e 

of R and that each contoi.n unmeMura.bl-e consto.nts.l2 Further, theBe re-

lationnhips do not. Give the force between two bodier; contalnj 11e rnony mole-

cules, since the moleculnr interaction forces are not. believed to lle 

atlditive. 

\·/hen pa.rticlen ca.rry electrostatic chnr&Js, coulqmb foreer. may be the 

controlling forcer. in bringine about nrr:lomeratJon.,. A few ill!iiV-lflurib be

lieve thnt. in ~eneral the clw.rr,es o.re not. lnrce enough to crt ve rise to 

forces or attraction compnrnble with the Lntennolecul11r force bct,vcen 

smnll pru't1.clt-r. ln cont.nct. Pnrticle::; nrc knovn to carry c lectrlcnl t'lmr

"' ges even though the totnl chnrr,c of the powder mny be neutral._ Electrili.-
• 

cation cnn bo cnuaed by the interaction 'With eas iom~ frQ111 t.he utmoophere, 

by 1'riction or c:untnct between particle::; or by r;epurotion. Pnrticler; may 

be dir.charged by contact with a. GUrfnce of hi~he_r <'apaclty or neutralized 

12. Derjnguin, llorlc V., Sclent'lflc Arr.erlcun, 203: r'u. 1 (1']1,0). 
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by agslcm:ration. Electrostatic forces of attraction cannot be calculated 

for a powder since the distribution of the charge on ~he particles is un-

known. 

An extensive study of static electrification of duet particles from 

0.5 to 30.0 microns in d1ameter1 on generation of a cloud was made by 

Kunlcel.13 He used the method developed by Hopper and La.byl4 where particles 

~re allowed to fall in a horizontal electric field and their tracts were 

photographed under inte:nnittent illumination. lie r.:oncluded tha.t in e;en

erBl the average charse increased more slowly than with the :.quo.re of the 

dismeter. 

The above comments serve to illustrate the ereat scope of the prob· 

lt"tm of detennining forces between particles, even under rather simplified 

conditiona. 

2, Flew Properties of Powders 

The flow properties of finely divided mnteriuln have been of 

great ir;-cereot in a wide vllriety of 1 nduatria.l applicat1 .mo. Perhaps the 

moat frequently studied case is that of gravity flow of the material. 

A teat performed by R. R. Tro.ni15 ann others cono1ated of measuring 

the behavior of powders in n fUnnel of Gpec1fic dimensiono. One runnel 

wns placed directly above n.nother on a ring otnnd. SamplEfa of )0 to 1.00 

~a of material vere introduced to the top fwmel and allowed to fill the 

stoppered. funnel below. Three minuteu or more were nllowed for the tropped 

air to escape before removing the plue. If the ~o:mple c0111pletely 'flowed out 

when the plUg VaG removed, the material ~at! claar.ifted BG free~f~owing. 

lj. Kunkel, W. n., J. Appl. Phyr.., ?J:.: 820 (1950}. 

11,, Hopper. V. D. and T. !! .. 1...aby, t>roc. Roy. Son. A1 2lf!: ?h3 ( l?l•l ). 

15. Tron1, H. H. et al., Ind.·& r:ng. Chem. 51:· l2tl5•{; (Oct. 1959). 
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. Powders were classified o.cco1'd1ng to the time required for B S8Znple to flow 
' . 

out. 1 r the sample did not ca11:pletely flov i:>ut, 1001'" diameter glass beada 

were added until it did so. Glass beads were added until the minimum weight 

fraction needed for free flowing vas obtained. The quantity of glass beads 

a.dded vas an indication or the flow properties of the powders tested. Frau 

these measurements, five arbitrary flow classifications were set up for the 

funnel specified. 

The f.low properties of finely di vi~d materials are radicl1l.ly affected 

U' they are mixed vi th a gas in ·two-phase flow. Some investigators have sug

gested that a pgwder could possibly be charncteriZed in terms of a property 

similar to the viscosity of liquids and that the pseudo-viscosity might be a 

fUndamental correle.nt of slugging, fluidity or other bed cha:re.cteristics. 

Matheson, Herbst and Holt16 presented the results of such a study in Yhich 

they measured the relative pseudo-viscosity of' various fluidized beds in terms 

of the torque weight required to rotate a pa.ddle of fixed oize at 200 rpm in 

a 3 inch deep by one inch ID bed of solid fluidized by nir. They found the 

torque necessary to rotate the paddle wns·extremely hif,h for unaernted beds 1 

but decreased rapidly when aerated and s.oon reached a point where further 

aeration had no effect on the required torque. The relo.tive vincosity of the 

bed vaa found to increase with particle size and particle dena1ty. Matheson 

nloo measured the torque neceasary for various beds made up of tva cOIIponent!l: 

fines blended with larsar particle~. The rate of chanae of the viscosity with 

CCI!Ipos1t1on showed a decided break at the polnt of minimum fines added to pre-

vent interlocking. • 

lG. Matlauon, '-i. L., Herut~t, W. A. tmJ Hull., P. H. 1 iud. Eng. Chem., l1.i,: 
1099 ( 19;.9). 
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An extensive discussion of the rheological properties of powders ia 

Siven by Zenz and Othmer.17 Measurements of five angles ~erto.ining to the 

powder bed are suggested M n means of characterhing finely divided ma· 

terie.ls. •rlu!se are: 

(1) The angle of inte1~nl friction 

(2) The o.ngle of repose . 

(3) The angle of wall friction 

(4) The angle ot rupture 

(5) The angle of slide. 

O:ne or more procedures for conducting each measurement o.re outl.inerl 

ln thtrJ cited reference and "'111 not be repeated here. 

'1~1e previous YOrk outlined above has served ao a point or departure 

for our own experimental work in this urea. 

13. Prelimina!Z Theoretical Investi~t.ion 

In initiating a theoretlclll study of this type, one immediately en-

counters the problem of nettinG up o model. A~ a flrr:t upproa.ch to the 

problem, n tvo dimenoional model vas r.et up in vhich the piling of a paw· 

dar vao considered as bein6 analogoun to the piling or cylinders. The 

essence of thio inveot1catJon ic a1ven in Appendix A. 

Severol phenomenon such au angle er repose, ungJe of interna.l. friction, 

<:-anpreszibility, angle of ruptul'e awl <;t.hers can~ n!jCJOc:lllted with the 

rheological properties of powders. Knovl&dae of these may contribute to 

evaluatinR thP forces acting in the syotem. 

17. Zenz., F. A. and OUuner, 0. L, FluidiZation and 1'1uid•partlcle aynter.t~, 
Reir.hold, New York, 19()0. 
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A force acting on an incremental vclume or bulk powder seems to dia-

--tribu.tcf i-tself' in a. certain fashion. ~sts su.ch as the rOd-tension test 

and the piston test as deacribed by zens and Othmer17 give credence to 

this ideo.. The way in which cuc:h a force distributes itself vou.ld· seem 

to depend on the shear moduluR and teneile atren[tth or' the powder. In an 

effort to gain some int'o:nna.tion on the shear modulus, t~e following model 

vas constructed. -

- p(y),. '(y 

.__ _______ -----

A pl~to p is submerned :in n powder materln.l to o. dept.h h. Due to the 

weight of the ma.terial, the prer-1.mre on the plFJ.te p w1ll b@ directly pro~ 

portl onal to t.he lrtn.e;roi tude of ;; . 

(1} 

;rbcre I' ie the dcnsi ty of th~~ mnteriul. 

~le nmr make the follawtng ansurnptian: t.hnt the rnnximum shear 1 1:, 

between the plnte and t.he particles lo proport.lonol to the prer.sut~ or 

't' m11x = Cp 

a.nd that e.ll po1.ntn on t.he plate tlre on t-he verge of alippi nB .:; 1 multnneoualy. 

or 

The total force, !·', to move the plate can b~ exprecsed by the ir.tegral 

h 

F = 2 1· 'C" mo.x 
0 

·) 

F ..,. C ~ h'-

h 

dy = 2 co· j y ay 

:• 

(2) 
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!f_lli& F gives the mwtim\Uil shear force to be expected. 

Experiments have been carried out to check thin relation, o.s discussed 

in the following section. 

C. Experinaents 

/l..o a part or this progrnm of' dlsaem1nat1on reseo.rch, experiments a.re 

being conducted to evalunte phya1 cal tae1t.s which hnve been sugcested by the 

theoretical ctucUes or the search ot' the literature. The emphnais in this 

work is to find and apply physical testa which will be useful in predict-

ing the behavior of a finely divided m~terial in ~ d1~~crr.innting GyGtem. 

l. Experiments on F'01'CC to Extract. a. Verticn.l Pla.te from 1.1 Iled of 
Powdered Materio.l. 

F.xper-1menta were conducted to check Equntion (2}, preoented in 

the pl"eViOLL'i :3ecti.c-n. The force required to cxtn.Lct u thin vertical ulu·· 

m1 num plate from n bed of f.ine 1.end shot ( 500·1000)1,) wss meo.3ured o~ a 

Jolly spring balancP.. Tlll' reuull1; ure plot led in Figure l4. A straiGht 

line 'l(f.th e. sJ npe of approximately ?.0 fit.o the- ctnta poin._a rellc.onably 

'l(cll 1 ind.icut!ne thnt. the J"elntion p.iven in Equutiort (:?) L~ nd.equa.Le for 

" thil? c!lr.e. 'l'he coefficient C in thJc, equntion Glln be c:tmr,idered to be 

relD.teLI to the coefficient of frict.Lon bet~o~ct•n t.he pnrt.i•:lcu and the plr1te. 

Further experimentlltlon ulon~ thlr; line 1!> planned. t 

?. F.:x[!riments on Strec•J Versus Eulk Denr:lt,y. 

~lcaottrcment!i of t.he effect of comprecaive ntreM; or, bulk denaity 

"' appeu.r t.o be of thterest in :;evero.1 llf'en::; of the di!loemtnatiOIJ prou~;em. 

First, the info.nno.t.ion BfLlneJ ~y (.'Ontrlbute to the uua1c knowledge of 

- 40 
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' 
f'1~ powders. Secondly, the data obtained ie directly rela.ted to certain 

application problems incl\ld.1ns (l) dete:rmin&tion of the volwnetr1c bello-

vier of the bulk lll&.terial undor high acc:elerationa, (2) detemi:nntion of 

the :requ1re•nts tor filling aystemo designed for compacted. mAterial and 

( 3) prediction of the performance in piston type reedJ.ng systems. 

Experilftllnte have been conducted utillzins the apparatus shown in 

Figure 151 which coneiata ~r a thin ~eflon piston, closely fit to a trw1s· 

pannt plastic cylinder, vhich is vented to preclude entrapment or nir. 
• • 

The piston is suided by a rectangular structure with Teflon edges which 

meJr.e only line contact with the cylinder 1n order to minimize friction. 

The height of the piston above a fixed reference plane is meanured by a 

ce.thetaneter. The 'bulk density for any piston posit.ion is derived fram 

the system dimenroions and the TTI!I.GS or the powder charge. 

Fisure 16 (2 pages) present the results of a. oerien of measurements 

on sample& of tl\lc (l>listron - 18) which have a pn.rticle she ro.nge or 0 

to 6 microns and 11 !>IJ-ID of 0.03 micronG. The three lines shown on the 

graph are for initial mnss quantities cf 30, 40 and 50 eram~. It can be 

seen thnt, at the lower ronsa or st.ren!l, the bulk Cl.ensi ty .i& somewhat. de· 
. 

pendent on the size of the mntel:"is.l :lllJilple. '11•c aprei\U. 1n the vn.l ues of 

bulk denaity lncreaoes at the lower vn.luer, nf bulk llens1 ty. '!'he mnximUIII 

spread is apprax1matel)' 7 percent. At the higher stress levels, the 

curves cane together within the limit& of experimental enor. 'rhia effect 

!IIBY be due to additional wall friction in the ca.se or the larger samplec;. 

It ia' inteNating to not.e that the stress versua bull{ density Cl.lrvea 

approach straia)\t linea on the qOil\e loe plot, in the region of' high bulk 

..-, 
I 
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densities. The slope and intercept or this type of curve rne.y be. very uae-
1 

rul in evaluating finelf divided powders. Similar experiJnents with aspirin 

pcwder, produced nearly straight line relationships on a comparable 6I'SoPh, 

Uove-ver, the values of slope and intercept were videly different. A 

change in the applied compressive stress or an order of magnitude (f'rom 

105 to 1o6 dyne~/~) produced a. chan"' in bulk density of &f?proxima.tely 

10 percent as contrasted to the chnnge shown in Figure 15 of approximately 

60 percent. 

Tlw d.ata obtained from the$e experiments are beine examined more 

thoroughly to detemine whether more comi)lete correlntions with material 

propertie& are possible. 

3. Measurements of Force Required to Extract A CircW.ar Disc 
from A Powder 'Bed. 

An experi~~~ent h outlined by Zenz17 in which a vertical rod is 

extracted. from a powder bed. The magnitude of the rorae io influenced by 

the internal friction or the material. Prelimin~ry experiments vi th thio 

techni~, utilizing a Jolly spring balance indicated that the sensitivity 

wan quite low. It became obvious that substitution of u hort~ontal circu

lar disc for the rod would result in a considerable improvement. Three 

circular discs with ciiwneters of 1, 2 and 2,51~ em were made. 'l'hin ~nnlt~ 

ted investigation of the influence of disc di~ter, as well ns the bed 

depth. 
e 

~o devlceo have been used for measurement of the rorr.e in theA~ ex-

perimenta. These are shown in Figures 17 and 18. The ,Tolly balanoe l n a 

standard item of laboratory &l,par~tus, which employs a calibra~d opring 
• 
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for force measurement.. The sravita.tional system or force measurement vas 

developed _specially tor this application. With the latter device, force 

is applied to the circular disc by slowly adding a metered quantity or 

liquid to the vessel which is shO'tln in the sketch. The force is tre.namit

~d by a line, operating on a pully, fitted with a preciaion bearing. 

this system has aa advantace, ln that the initial displacement of the disc, 

which takes place before the s\ll"face of the bed is. interrupted, does not 

influence the applied force. In the case of the spring balance, this 

initial creep effect was round to slightly affect the meaaure~~~ent of 

npplied force • 

The results of experimenta of thio type are lluminarized in Fiaure 19, 

which is a plot or F/d versus F/d•h on log log paper. The force of F 

dynes is applied to n disc of diameter d centimeters, which is submerged 

in a bed to a distance of h centimeters below the free surface. Iesults 

for three pcvders are shgwn. Theae are tnlc, saccharin and aspirin. Fia-

ure 19 13 believed to be n very useful correlation. The data for each 

oample indicate n :straight-litle relaticnship between the two coardinateo, 

and the slope for each case is nearly tdcnticol. Io'or the matarinls stu

di-ed, the forc:e has been round to be ploportionnl to hn vhere the expo-

nent n is approxillllltely l. 5. The interc~pts &nd. the olopea of these 

curves are identifying characteristics or the individual samples. Fur-

ther experin~entation along this line is planned to dett>nnine the repro

~ucibility of theoe dBta for additionaJ mnt~rinls, and to eval~te tt~ 

effects of moi~ture content. 
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V. W<mK ON LINK-SOURCE LIQUID ACZN't DISBE!aNA~ 

A design ·~ on an ai:raratt. external ltore for liquicl aaent diasemin&'!' 

t1on has been 1ait1&t.d by North American Aviation, Inc. UD4er subcontract 

to General MillA, Inc. The sco-pe of this w'brk in the cur.Nnt phase include• . . , - . 
{l) determination of tlov ratee for various aeant .. tarpt :requitoeJDenta1 (2) 

. I 

review of oper&tional lllil1tary aircn.tt for ccmpatab1lit1 of a WliVI!!ra&l lll 

store, (3) a.termnat1on of' means of ag1tat1on, (4) detemination of means 

ot heating to p:X"'Ivent freezing of the agent during transit to the tarset and 

dul'ins d.1 aseminat1on, ( 5) study or perfo:rlllll.nC!e penal t:r due to system instal

lation and (6) study or eftec~s of local fl~ fieldn on the disseminating 

process. 

Work w&a initiated in theae areas following a coordination meeting 

• vhich vas held at General M1lls 1 Inc. on 13 July ~96o. Attending this meet~ 

ing vere representatives of the Biological Warfare Laboratories~ General 

Mills, Inc. and North American Aviation, Inc. 

Progress durins JUly and Aug1.1.st in each of the .above areas is sUIIIIUrbed 

belOW': 

A. Flow Rate O;ptilllization 

A para!Qttric trades study is in progress which will define near-opt1mUI1l 

flow rates ror a liquid blole>gical agent dieaemination system. Six biologl-

t:al asents are being considered in the analysis. These an~ the cauaati ve 

agents ot Q-tevar, Bru~ellosis, Tul.a~m111, Anthrax, Plap1 and Venezuelan 

Equtne Encephalanyelitla. The biolo~cal and physicl\1 pl"'perties of these 

aaente are eontoinecl in No~o-th Aasrican Avia~ion Report 111\59 .. 632 1 Yhich also 

- 50 - .t. I • 141: 1 a 
~ 

I 

.. 



E 
, I 

.. I 
• 1 .... 

1 
l 
I 
I 
I 
I 
I 
I 
I 

OECLASSIFI!O IN FULL 
Authority: EO 13526 
Ct!ief. Records & Declass Div, WHS 
Date: WAY 17 201 

· .:. containl a deacnptiol:l of Cal.der'a mathematical effeetiwness model used to 

c~ their effectiven.ea. Itl addition to coneiderins the epec:1fic on-

taraat etrnta ot then ._nta, tbe atu4y aCilsiders several delivery vehicle 

p&l'~Satln ( Sl!H41 ft1181 1 1M a~~tnt capaei ty) aDd lii&Jor wa.ther and terrain 

cb&racter1at1ea. 

The &ml.yaia optimizes flov rates in tems of the probable area of 

coveraae tor a typical mission in a Juropean tactical situation (Circa 1963). 

The analysis methodology is illustrated in Figures 20 through 23 ( 4 figures), 

For a fixed deliver,y Jlleed and apnt capacity, the :release line length can 
~ 

be shown as a function of the floW rate used ior dissEflllination. An example 

ot such a C\U'VII is 1bown in Fisure 20 for cleli vering 400 sallone of agent at 

6oo knots, Cloud travel can also be shown as a :f'unct1on of flow rate for a 

s:pecif'ied agent, lewl or incapacitation, and wel!Wther ccmdition. This effect 
. . 

1s shown in Fipre 21 for the causative agent of Q·fever' and 50~ inea.pacita· . 
tion level (Pr • 0.5). An average veat~er condition (stable temperature 

gra41ent) and a 5-taph wind speed over open terrain ve:re considered for this . 
cue. The prod.u.ct of rele&se line lengt;h (F'igure 20) and cloud travel (F1s· 

ure 21) Yill yield an area of cover ror s.ny flow rate selected. 

To more realistically appraise the effect of flow rate on the area. of 

coverase achieved, other factors Buch as air vehicle survival and the ability 
• 

to pre41c:t meteorological conditions existing 1n the target ares. have been 
. 
conlide.red, .. 

Aa the delivery line length is increased, the length of time within 

enemy terri toey la proportionately increased and air vehicle R\trVi val proba· 

biU.tiea will btt dec:nsased. This is illustrated in Figure. 22 shaving the 
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ettect ot releaae line length on 11\lrvtval p:robabUity for a. Europeab tacti· 

eal Bituation in tbe 1963 period. :811ncluding tbe ef'tect• of survival 

probabil1t)"1 the p:ro'oab1l1ty of accurate u.atft()rological preclictions (11aeumed 

to be 75j) and tbe atfectiveneas against poa1Jj,ble eounteraeasUfta (aaaumed 

to be 75~}, the probable area or covera.ae c:an be obtained aa a ~ction or 

new rate { aee Figure 23 ) • 

It baa been dete:rminecl in this analysis that variations in vind speed, 

terrain condi tiona, temperature gradient (inversion, stable, or lapse) and 

level of incapacitation do not significantly atfect the selection ot a deeign 

flCM n.te. The probable ana or c:cm~ru.se is increased or decreased as varia

' t1ons in these p&l'Binl!ters are introduced, but tbe peaks in the curves shOW' 

no sensitivity to these variations (see Figure 24). This is true or other 

wind speeds and incapacitation levels also. Consequently, an "average" 

meteorological condition (ste.ble), an o:pen terrain cond.i.tion, a 5 mph vin\i1 

and an incapacitation level of 5~ ate asswned for analysis pu11Joses. These .. 
.. aJ.ues o.:re felt to bel both conserva.tive and real\sti.c and are 1.1.sed thr<J4gh· 

out the stuey to inveatignte the effects of' opeed, agent type, and agent 

capacity on design flcv rate selection. 

The type of agent, capacity of agent, fDd deli very s.peed nre found to 

be the most senaiti ve paremeterli and have been the .obJect of cortcentro.ted 

' 
a.nalysis effort, The effect of agent ce.pae1ty on flCM rate te shown in Fig-

ure 25 . From the curves of Figure 25 , it can be seen that the opt1Jnum tla.r 
' 

rate incn~ases fran 6. p to 24 gp11 as ·agent capacity is increased fran lOO 

to 400 gallons. The effect. of speed on nov rate is similar to that of 
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agent capacity. This effect can be seen in Figure 26 where the optilllUlll flow 

rate iS approximately 15 mm for a 300 knot deli vary speed and 24 gpa for a 

600 !mot delivery speed. 

The erteat of agent characteriatica on design flow rate can be seen by 

the hietosram of Fisure 27 where opti.IIWil nw rates vary fl'OIIl lo IPDI for 

tl» cauaat:L va qent ot Q•f'evaT to 48 m:m for the causat1 w a.s.ant of anthrax. 

'l'be characteristic~ ot these lilix apnta shov larae variations vhic:h should 

inclUde most potential agent dewlopnents. For example: ID5o'e vary by ll 

factor of 8oO, agent concentrations vary by a factor of 20. decay rate.e 

range from l~/lllin to 5'f./min1 and spray eff1cienc:1es :ranae fran 1~ to 45~. 

Decauae of these :ra.ngas, these six agents are :f'elt to be re;p:resentative of 

a great many agents vh1c:ll will be developed and represent 'a larp stat1ot1-

cal sample space. 

The goal of this study is to optimize flow rate of the diooemination 

uystu so as to be adaptable for a variety of delivery vehicles. This mi@ht 

reault in ext~IM differences in deli ver:f speed and agent capa.ci t;y. If a 

weapon system optilllization were .being conducted, the relationship C.tveen 

ae,ent capacity and. range CI.)Uld be established nnd a desirable value of speed 1 

range, asent capacity, Md flov rate could be defineJ.. But, since the sys-

tem ~:haracteristics determined by the study must be ~Wtnable to a variety of 

delivery conditions, an average of extremea vill be l.lGed to select a design 

value. Unusual situations vhich are not cbaracteriatic of the remainder of 

the sample vill be elitllinated. A statistical review of the results is in 

prosress. 
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Notifi~ation was received from BWL that the Need-to-Know request had 

been mailed to all mamrl'acturers of currently operational &ire :raft. A ques• 

tionnaire, listing desired info~tion relative to external store capabili-

ties vas prepared for distribution to these manu:f'act\ll'ers. 'l'Mse requests 

have been sent to the following ten c cmpanies: 

1. Douglas· Aircraft 

2. Conwir Division of General Dynamics 

3. Norair Division, Northru.:p Corporation 

4 • Boeing Airplane CaJ!l)any 

5 • Chance VouSht Aircraf't 

6. P.epublic: Aviation Corporation 

7. Grunnan Aircraft Engineering Corporation 

8. Lockheed Aircro.rt. Corporation 

9. McDannel Airc.ruft Col.1lore.tion 

10. Martin Company 

Responae to this• request has been received from three companies, giving 

information on ll aircraft. 

Flight handbooks i'or 33 of the pertinent fl.ircraft Qre available in the 

NAA library. Data have been comp:l.led from these publications concerning air-

plo.."l8 ~rformar1ce a.nd. stores capability. This material can be used to calcu-

late mission radius, delivery speed, and to indicate in a general sense the 

canpe.t1bil1ty of vnriou:; type:~ Of :;torea 'lith theae airplanes. For more spe-

cifie 1nromat1on on ctore clearance !!n•telQpee, control eircuits t~ the ntorec, 

pylon c~pBbilities, and lug apacing, tl~ requested information from the manu-

facturer vill be required. 

- 60 -

I»'IFIBENIIXf 

I 

I 
I 

I .I 



---··-- -~---·-···- ----- --· ·-.~---~,__, f. 
f 

t H· · 
L·.'l· t.L_. 
! . 

1· Jf· I , 
t. .• 
r I l-, ' l £ J 

i 
r 1 l 
i 
J, 

i J[ 
' r 
l·. 

~ -

r 
J. 

I 

I 
I 
I 
I 
I 
I 

DECLASSIFIED IN FULL 
Authority: EO 13526 
g:::~· Records & Declasa Dlv, WHS 

MAY J 7 2D1 
c. AJtiat&tlon of Lig,Uid AS!!!nts 

A definite re~rement for agitation ot·the liquid ssent du~ng the ap· 

proach phu.ee of the tlisBion has not, e.s yet, been established by the BWL. 

If such & .Nquirement were to be established, it would no doubt vary consi

derably for various types of aswnts, It is, therefore, con~'-'ied th&t a .. 

:eaaonable solution is to provide for circulatiqn of the agent vitbin'the 

liJ store b)" .aeans of the r:lisrensing pump and a by-paee valve. It is vi sua .. 

11zed that a stand-by position would be provided on the pump sv1tch which 

would open the by-pass valve and energize the PUIIlP• Actuation of the sv1teh 

to the standby poSition at some time :prior to the disseminating run would be 

part of the operational proeedure for use or tbe }Ill store. 

D. Heating and Cool1!!,5 

An analysis haa been made to determine the requirements for maintaining 

• the temperature or the agent within the prescribed tampera.ture limits di.U"ing 

the critical conditions of cruise on an "Air Force Winter Day". For this 

calcul~tion a cruise time of 3 hours at 36,000 to ~3,000 feet at a Mach num

ber of 0.86 vas used. 

The resul~s of this ~nalysis indicate th&t with the aeent tank insulated 

vith l/2'' of fibreglass insulation, the temperature of the agent wlll rer.1a1n 

above 35°F, with the initial agent tempez~ture or 40aF. With no lnaulation 

the agent temperature wuW.d be belov freezing. For these ce.lcul.at1ona 1 the 

physical properties used in the calculations include thermal conductivity, 

specific heat, density, absolute viscosity, and coefficient of thermal expan-

sian. 
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I~ .tddit1on to iPaulation ot the tank to prevent freezing, it will be 

r.eeees&l'1 to heat. the nozzle to prevent the agent rrca freezing as 1 t 1B 'being 

diacharpd aXId consequently plusgin& the nozzle orifices. 

The heat requi~ to maintain the outside surfaee temperature of the 

no:.zle assembly at so•p while the assembly ia retracted ia approxima.tely 4 

vv.tts pe:r square inch of surfo.ce are11. 

The heating or the supply tubing and noz~le can be accomplished by means 

of an electro1.'1lm coating, with operation of the heaters controllecl by means 

of a simple thermal switch sensing outside surface temperature. 

An analysis has· &leo been made to dete~ine the effects of ram-air heat~ 

ins on agent temperati.U'e ln the tank dur!ne; the critical c:ondi tion or low 

v.ltitude cruise on an "Air Force Summer Day". For this calculation a. time 

of l l/2 houra and a Mach nUIIlber of o. 5 was o.asumed. 

Resultu or this analysis indicate that the 1/2'' fibreglass insulation . 

is 4ufficient to maintain the agent temperature within accepto.ble limits. 

The temperatunt rlae of the !\gent ia approx1m.l\tely 2°F With the insulation 

as compared with app~oximately 50°F with no insulation. 

E. Perf'onnance Penalty 

?re effort has been expended on thia subje~· during the TeJ>ort1ng 

period. 

F. Effects of I.ocal Flav 

1. Engine Exhaust 

A method of estimation of engine eXhnust t.smperature profiles has 

been devised. It hf\s been found that although exterusive effort has been 
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pl&cecl on the stu.dy of jet streams exhaustins into quiescent air, relatively 

little has been done in the stud;y of Jet exhausting into l!loving air. The 

procedure devwlcped gives resuJ.ts which cctnpare favorably With the lillited. 

teat data available. 

i''or purposes or analysis the engine exhaust 1s divided into tvo regions: 

( 1) the supersonic core 1111l8diately downstream or the nozzle in vhiah the 

exhaust pressure iG expand ins to free stream pre ssUl'e; amt. ( 2) the regj,On 

of turbulent diff'us1on dovnstream of' 1~he su.pe\t'sonic core. Che.ra~te.ristics 

of the tlow in these regions are then defined in tel'!lls of the exhaust Mach 

nt.ll'llber, exha.uat staUc press~ ratio, nozzle o.n8le, free stream Maah n\111\ber, 

and distance downstreQDl. Analysis of the supersonic. core region is based on 

vork. presented in the following references: 

U. S, NflV'J Develo:tment Center Report 
NADC·ED·540l, Characteristics of Free Supersonic 
Jets Exhausting Into Quiescent Air, by A. R. Anderson 
and F. n. Johns. 

NACA Report RML54L31J Some. studies of Axisymmetric 
Free Jets Exha·,u;ting rrom Sonic and SupeAcnic Nozzles 
Into Still Air ond Into Supersonic Streams, by E. Love 
and c. E. Grigsby 

The region of turbUlent dift\laion is defined by the procedures given 

by W. Szablewski in the NACA reports: 

'I'M 1200, The Diffusion of a Hot Air Jet in Motion 

'I'M 1311, Contributions to the Theory of the Spn:Wiini of 
a r'ree Jet Issuing from o. Nozzle • 

Application of this procedure 1s illustrated in Figure 28 for the case 

of A J-57 Jet engine installed in 11 vehir.le travelling at 0.1 Maeh number. 

Isotherms are ahavn for tempero.tures down to lOO"F. The rate of apreading 
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of the eldis.~st; ind,icates that in any practical installation or a lli disnelli

nating store that sCille !IIUing of the agent with exhaua1:; gases tn the tempera

ture :r:anga of 100°1 will occur. This does not imply a serious loas ot 

llft'ectiveDesa since the expos~ is of very t'lhort tillle dur&ti~ and cooling 

by evaporation Vill lover the environmental tempers.ture. 

2. Aerosol Stream 

Because of th&t very Slllall ma~~entUIIl ot the aerosolized a91tnt p&l'· 

ticlesJ they are accelerated into the airstream direction almost immediately 

upon ejection .t"rom the nozzle. In considers.tion of locati.on of BW diaaerninat-

ing no~zlea on an a1rcrnft, it may be assumed, then, that in the vicinity of 

the aircraft the aerosol follows the atrec.m lines flowing past the nozzles. 

'!'he primary flew character1atics to be considered a.;n, due to the vortex 

system of the ving, This vortex system produces a d~ard velocity component 

downstream of the wing which is a. maxil'liWI! in tho inboard region of the wing 

and diminishes toward the wing tip. A tru.1ling vortex emanates fran the wing 

tip with the core of the vortex located approximately at the 0.8 semt-span 

of the ving. 

Dissemination uf the agent in the dO'Imrllsh field vill give the aerosol 

a duvmttL"'!i v~.locity of' the order of l~ of the sirs~ed of the aircro.ft, This 

effect ma.y be very important in transport of the aerosol to the grrund but 

lt'iJ.l be of lesser importance in ~pariJ.tion of the aerovol from the o.ircra.t'1: 

str.ucture o.nd. fran the engine e.xh11ust because of the very short t!112 period 

involved. 
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It the qant is disseminated in the region of the trailing vortex, the 

aerosol streu will be more rapitUy diffused, but will experience no net dmm· 

ward velocity. 

Characteristics of the vortex system are being prepared in graphical 

form for wing plan forms representati~ of current military a1rcrart. 
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~tudy of the reeding and hantUing problems for dry agent diaseminators 

~ndicates thAt prL~ising conceptS exist in the application Of SCTeW feeders, 

piston feeders and pneumatic· feeding systems. ~··: .. ::.\t.~~.-(-&;• 

Whe~ considering the use of screv 1'oed8rs, the tvo concepts vhich cur

rently BP}lear most prCGising nre ( 1) the ust'l of a very large screw 1 probably 

of the ribbon type vhich is so designed that all of the a.sent is or1Sinally 

contained in the screw and (2) the uoe of a smaller sczew feeder, with an 

au.xi.liary me~hanical agitation mechanism to precl\.ld.e bridging. There appears 

to be no incentive to rely excluaively en gravity flow in any part of the ays-

t.ems, because the power requirements are small canpared to that readily 

available from a ra.m-a.ir turbine generator. The piston reeding systema 

appear to be most feasible for handling highly compactGd asent mate~iala. 

The power requirements for a aystem of tfiia type wo\.lld again be well vi thin 

the lil!U ts available. The major problem is expected to be the pot.entia.lly 

high wall frjction in a large store, wh1ch coula impose excesoivo structural 

loads on the system. To enca9u the campact~d slug in a material of low fric-

tion is apparently required to eliminate this prob.l.em. Adequate melUls for 

:stripping ot'f this casing during dissemination are required. 

In the pneumatic reeding syotems, two concepti! have been considered: 

(1) uyu~ms in which the entire stored asent quantity is continually mixed 

111th the flowing motive gas, and (2) sy.:Jtems vhere a surface entrainmeut 

prin<::ipll! is utilized. Of ther1e, the ftrr:~t is believed to be the most pro-

tn.i sir.,~ due to tl·:e e;<tre•ael.y smD.ll ens flow :rote required. The use of mot1 ve 
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gases other thnn ram air have ~en conEJidered and appe11r to be desirable. 

For example the use of carbon dioxide, Gtoted in the liquid phase would pro~ 

vide a controllable, inert atmos~here, and ia expected to involve a veisht 

penalty of only a few percettt of the agent payload. 

Preparationo have been made for deagglaneration experiments on a blov· 

down ~1nd tunnel. A special test aection has been designed to provide close 

control of loiac:h number in the hlgh subsonic range above 

section haG alightly tnpered wallG to permit 

j~stnble conic noz~le at the_dischar~ 

tuat1ons in flow. A molded~~ inlet nozzle i~ also 
/ 

for, minfmwn turbulence. (A special hip,h veloc 1 ty aerosol 

Th18 tent 

An ad-

to mini~~e flue-

utilized to provide 

sampling probe has 

been designed and fnbricated. for use in the deagglomeration e~periments •. 

This probe is deoigned for isokinetic snmpling of the stream. It .incorpor

ates a diff'ueing section to reduce the velocity to a level which iG com-

patiole with membrane ftltern and impaction sampling devicea. 

II. l1 terot· • .u"' search has been rnnde in the field of the charactel'istics 

of fineJy u1vlded materialn. 'fhe classic treatments of interntolecular and 

interparticle forceD have been revieved. fn e;eneraJ., these do not appear 

to offer solutions to the real problem~ at hand because many effecto, cuch 

M contamination wit!·. <\d&orbed vapoJ'G 1 c.:annot be udeqUiltely handled. The 

vnri.ou::; exrerimental techniques for evalunt!on of the phyoico.l charo.cterifl-

tics of finely di vidcd znaterlulc ho.ve al.:;o been l~Viewed, including those 

t'or menal.U~ment of such values us the n.ngle of interrui.l frlct'l on 1 the ansJ.e 

of slide and the ongle ot' repose. Mdlt1onal experiment~ were dcvise-1 \lhich 
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yield infomation vhich should be uset'ul in considering too au1tab111ty of 

a gi~n powdered ma.terial. for use in dissemination systems. One of these in-

vr>lves determination of the effect of cCIIlpreasive stress on the bulk density 

of a finely divided material, the results of which bear on the questions of 

vol'Ulllfltric 'btlhe.vior ur..der hi.gn acceleration and the problem of filling dis· 

sem.i®tors vith ccmpacted !llaterial. A ucco.ud. ex.~riment involves determine.-

t.ion of the force req~\ired to remove n hor:!.zontal circular disc fran a bed 

or the mate:-ia.J.. 'l'his measurement -.;hovs ths.t, for t~e cases investigated, 

the required force varies npproxima~ely as the 3/2 power of the bed depth. 

The force characterintic for eat•h pOW".ier tested can be used 1.0 i.dentify the 

sample. A third experirrent involved the measurement of force to extract a 

vertical plate from·a. powder bed. ·This experiment was suggested by a pre

liminAry theoretical analyai s. 'fhe data obtained for a bed of lead shot 

agreed substantially vi th the theoretical trentll"..cnt. 

l'rogren~ hns been made in l:;everul areas of' vork on the liquid diosemi-

nation problem. The operational annlyBic vol"k aasociated with liquid agent 

disoeminntion has 'been f.«lvanced and the effects of t:e'l'erul purumetera have 

been explored. The mout. :Jif.Silifil!nnt. partWeters ai.'L'er:ting the c•pt:l.mum flCN 

rote are delivery speed, n~nt capo.c1t.y nnd agent chnract.erist.ics. 

Cnusnt;i ve o.gent.a were P.onsidered. The optimum flov rate a indicated by 

this study vnry t'r.om a m1tlimum t)f lu gpm for a Q-F'ever to a maxim'WII of l1il 

gpn for a.l'lthrnx. A review ot' operationa.l aircraft for compatibility vi th 

f.tXt<l.rnal stores hi\G been initiated. Que~tionna.ires have been aent to per~ 

tinent aircraft manuracturerc. 1\dditlonal infonnntion ill IW!lil!!.ble frcrn 
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1'U8ht handbooks for 33 aircraft. The requirement for heBting to prevent 

agent freezing hrw been utudied. Satiaf"actory solutions ror the nozzle heat

ing requirement snd the storage tank ir.sulat~on problem have beep f'ound. 

Studies of the effeet of local flow have 'been advanced, and a method for 

anal~ins the tempera.tu:re gl'&.dients produced by ansine exhaust has been de-

Several studies are in progress vhh.h w-ill be covered in ~he final 

report. These include (1) an inve~tigation of tte charn~teristics of non

Newtonian fluids, (2) expe~iments on unconventional d1s$eminating concepts, 

includin~ liquid and solid phase, cnrbon dio~ide systems and ram-air erosion 

systems and ( 3) a study of air flw o.rounti external sl:.ores o.n it affects 

solid aaent store design. 

'rhe work planned for the near future is il.lscunsed in the technical por-

tjon· of the narratives Yhich are submitted monthly to the Cher.Ucal Corps. 
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APPENDIX A • 
PRELIMINARY THEORETICAL STUDY OF 

FORCE DISTRIWI'ION IN roroEP.S 

liAY 1 7 2013 

I. 'NO-DIMENSIOHU ANALYSIS (Particle Analysis) 

The initial two-dimensional analysis will assume particles in the 

shape of unifonn circW.ar cylinders. 'fhe axes of the particles will be 

aasumad normal to the tvo-d1menaiona.l. plnne. The a.ngle ot' rep~ce, fi 1 is 

det'ined in Figu.re 1. 

I<'!GURE 1 

I!' the llize of the pile is reducc(l :;uch that tl1e u.ng.lu uf .inclination is 

kept constant, then, ideally, the pile aize c1:1n be reduced until only three 

particles rema.in. This i:; GIHJW'n in F'ieu~ 2. 

:r·or circulnr cylinders, the anele of repose :;hoUld be the reln.t!onshlp 

l-'or Figure 2r .4 -- b0°. 1t llec:rHl res:;onnb.le .to '~aaume that --<3 <- 6o• f0r 

nor:-c1 ,--cuJnr oliapeo • 
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.C.ntral f'Qrces such as electrostatic fore.,, Van der Waals' forces, etc. 

may exist between two pa.rticlt:a o.nd between a particle and the surface. Cen~ 

tral fOX".'eS 'Will be assumed negligible if two particles or a particle and 

the surface are kept from contact by a third particle. In Figure 3 tl"..e sur~ 

fa~e pushes up wlth normal foree N2 and attracte particles II and III vith 

central force c~~ 
c;. 

or 

or 

FIGURE 3 
Summing forces in the vert leal direction: 

(2) 

Uext, an e.nalyois or C,iJ.inder-I or F'.igure 3 is carried out: tta freP.-uody 

FIGURF. 4 
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)l1 is the coefficient of fr1ct1oD 'betifeen tw'o c:;l1ndrical surfaceB and is 

asaUID8d constant. Cl 1& the ct::ntre.l. force betveen two ~icles in contact • 

Particle size, electrosta.tic ch.arges, motstul"e content are saae of the phe~ 

nanena that may affect the central force between two particle.s. How the 
' 

variation in centre.l rorces 'lil..l a.:t'f'ect the coefficient of friction, )A. 1 

is not known. The vart.1cal t~rce aumroo.tion~s the only one of any conse-

quem:e: 

[Y: 2_p.1 N
1 

cosp - w ~ 2 (N1 
- c1) sin,-8 .. o 

A free-body diag]"Am o:f' Cylinder" II is shrn.rn ~n F'igt.tre 5: 

FIGURE 5 

(4) 

Since particles tend to apread out vhen poured in u pile, the nonnlll force 

between t..,o ad.lacent. pt.\rtic.les :in the same horizontal plane vilJ be asoumed 

:z:el·.::.. 7here muy be, however, a centr11l force c
3 

~<'here 

c3 • cl 

;ex: c3 - (N1 + c
1

) coa,o + a 2 N2 + u.
1 

N
1 

sjn ,~~ .. o 

LY: - (N1 - c1 ) si.n J • ~l N1 eos 3 - w + r12 ~ c2 " o 

)=M0 : J.l.l l\11 • p 2 N2R .~ () 

Equationn (2), (4), (~), (7 ), (G) pennit the solvitJg of 5 unknowns. 

A-3 

(5) 

(6) 

(7) 

(8) 
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If the coet'ficient of friction~ )42, between the particle and the surface, 

can be correlated vHh the e.ngle of slide, then it too may be considered 

determinable, It can also be assumed that 

cl.., c2 = c3. 

Making these nssUIIIptione, ..,~ can obtain expressi9ns for N1 , N2 , ,u1 

and cl in-terms of the other variables: 

~P2 ( 1 + sin./.9) -~ ( 1 - 3&) cos.(j 
,A- 2 + (.tt 2 + J.) sin/.3' 

l-·2 - ain/.J cos/.3 + 3lJ.2 s1.n,1 coa/J- l'-2 sin24' - 3 sin2.8 
pi2 coe~ - 111n./.J _)J.2 {l + sin/J) + ain/1) 

/.Ll = p2 Ji2 +- nin;.J cos /j (3~ 2 - 1) - strt2/:1' (A2 + 3) 

!,u.2 cos;J - ain/3) [1 - 2).{. 2 (1 + s.lnA) + {l - 3}'-2 ) cos/.3) 

H. Six Particle AnalyslG 

(10) 
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AcalysiJ of Cylinde~ !l 

FIGURE 7 

(14) 

AnAlysis of Cylinder II: 

FIGURE i3 

' 
[Y: - (N1 - c

1
) sin . .d- .1~1 N1 cos/:J- W + (N2 - c1 ) sin,A +...U1 rr2 cos;(] 

( 15) 

;[x: -#1 N2 sin 4 + (N2 - c1 ) ccs A- (N'1 - t;1 ) cos .8 + ,..a1 N1 a in /J + c2 

+ !.i
1 

N
3 

s1n.8- (N3 • c1) cos A" 0 (lG) 

or (17) 

• 

A-5 
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--·· - ArdU.ya1a of Cyiinde:r III: 

FIOURE 9 

LX: (N2 • c1 ) cos J3 + ,a1 N2 sin ~1 + C2 + p,2 N4 ,. 0 

\'y •. - ( N~ - c1 ) sin /J -L, .::: .#)_ N2 cos LJ - W + N4 • c
3 

.. 0 

LM0
: it.1 N2R • ~ N4R = 0 

or ,.tt1 N2 - .. u 2 r14 = o 

Analysis of Cylinde~ 

1-'I GUHE 10 

})·: ·2 (N
3 

• c1 ) !lln_.6' • 2,U1 N
3 

cos/..1- 1-1 +- u5 - c
3 

:: 0 

~~.!...all Six Cyl1nderu .._ 
/ 

FIGUHE 11 

...... u· 

(18) 

(19} 

(20) 

(21) 

(22) 
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There are 9 aquat1ona and l2 variables, which include ).tl, Np II, ,/9, c1 , 

The known quantities will be o.ssW!Ied to be /.3, w, ,# 2 • 
1t. 

Because or the 

difficulty of solving nine ::Jimultsneous non-linear aleebraic oq\A.tloi'l"· rur-

ther slmpllrylng assumptions will probably be nece~sar,y. 

be summarized thua • 

~ + cl sin /.J 
Nl .. --------

.lll cos /:J + sin /!J 
(23) 

(24) 

(25) 

(26) 

N
2 

= c1 cos/.3 + c2 
COG Z - ,ttl sin/3 - ft1 

(27) 

. 
N

2 
, c1 ain.8 - w - c3 

/L1 cos .A + aln /3 - )&J: 
T2 

(?8) 

Theso are six independent equationG. The ·:v!,avn.G are N1 , N;;, NV c1, c2 , 

c3, /~p which totals 7. It wil.l thP-n be >l:!oStUned that 

• 
C~nitting the deto.1la 1 one f'inds the follo..,.ing t"'!!lntions ._.hic;l cue 01' interest. 

N
2 

" 'vi + c1 :;J.n ,4 c1 cos,~ + c1 
2 t.:u;: ~'Of.l/3 +sin_.&)+ 2 (coo/5'- ftJ. sin/J) (30) 

e 

I 
! 
i 
! 
' 

• I 
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w 
2 c.a1 cos/$ + sinZS1 

cos,.j(cosfi + l) (5 aln ·•' + 3 ),.«/ • ( 5 cos/J + 

+ sin fi' (2 cos_8 - 3) }."-' 1 - 5 sin~ cos..;S ,_ 0 

(,30) 

(32) 

This is a quadratic in J.t1 where the coeffi.clenta are functions of the 

' o.soumed knwn angle of :repose, . .d · 

Thnt is: 

(33) 
'• 

:r·rom thi:J rmnlysi:; the nngle of ;-epotle, /.J , ~ n u <U roct meanure or t.he 

coefficient of fr.ictlon, ,U1 , betwtMtlt c;vllntluu. !•'rom F!t'J,untion (31) It lo 

seen that the centrnl force, c1 .• between ~~ytlnrlfll"l1 111 n fUr•ctlon of,/:1 an,t 

• 
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DEPARTMENT OF DEFENSE 
WASHINGTON HEADQUARTERS SERVICES 

1 1 55 DEFENSE PENTAGON 
WASHINGTON, DC 20301-1155 

MEMORANDUM FOR DEFENSE TECHNICAL INFORMATION CENTER 
(ATTN: WILLIAM B. BUSH) 

8725 JOHN l KINGMAN ROAD, STE 0944 
FT. BELVIOR, VA 22060-6218 

SUBJECT: OSDMDRCases 12-M-3144through 12-M-3156 

AUG 1 2013 

At the request of , we have conducted a Mandatory Declassification 

Review of the documents in the above referenced cases on the attached Compact Disc (CD) 

under the provisions of Executive Order 13526, section 3.5, for public release. We have 

declassified the documents in full. We have attached a copy of our response to the requester. If 

you have any questions, please contact Ms. Luz Ortiz by phone at 571-372-0478 or by e-mail at 

luz.ortiz@whs.mil, luz.ortiz@osd.smil.mil, or luz.ortiz@osdj.ic.gov. 

Robert Storer 
Chief, Records and Declassification Division 

Attachments: 
1. MDR request w/ document list 
2. OSD response letter 
3. CD (U) 
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April 26, 2012 

Department of Defense 
Directorate for Freedom of Information and Security Review 
Room2C757 
1155 Defense Pentagon 
Washington, D.C. 20301-1155 

Sir: 

 
 

 
 

I am requesting under the Mandatory Declassification Review provisions of Executive Order 
13291, copies of the following documents. I have tried several times to acquire them through 
DTIC, but the sites stated they are not available. 

I am conducting research into the previous methods used to disseminate biological agents. Many 
source I use to have access to have been deleted from the internet. On numerous occasions I 
have been informed that formerly classified information that was declassified, have now become 
classified again (since 911). My attempts to locate such Executive Orders, regulations, laws, or 
other changes to this question have not successful nor revealed a specific source. As such I 
would appreciate any infonnation you can shed on this question. 

Documents requested. 

AD 348405, Dissemination of Solid and Liquid BW (Biological Warfare)Agents Quarterly l2..-M-3 \~ Progress Report Number 14, 4 Sept - 4 Dec 1963, G. R. Whitnah, February 1964, General Mills 
Report number 2512, General Mills, Inc., Minneapolis, MN, Contract number DA 18064 CML 
2745,lOl.pages. Prepared for U.S. Anny Biological Laboratories, Fort Detrick, Maryland. 
Approved by S.P. Jones, Director of Aerospace Research at General Mills. Project No. 82408. 
General Mills Aerospace Research Division, 2295 Walnut Street, St. Paul 13,Minnesota. 
AD 3467 51, Dissemination of Solid and Liquid B W (Biological Warfare) Agents, Quarterly !l-Af- 31 'f)" Progress Report Number 12, March 4- June 4, 1963, G. R. Whitnah, July 1963, General Mills 
Report number 2411, General Mills, Inc., Minneapolis, MN, Contract number DA 18064 CML 
2745. 184 pages. Approved by S.P. Jones, Director of Aerospace Research at General Mills. 
Project No. 82408. General Mills Aerospace Research Division, 2295 Walnut Street, St. Paul13, 
Minnesota. 
AD 346750, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly ll-AA~31'1(, Progress Report Number 13, 4 June- 4 Sept 1962, G.R. Whitnah, October 1963, General Mills 



Report number 2451, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 19 pages(?) 

AD 332404, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly 12.-~-31'11 Progress Report Number 7, Dec. 4, 1961 - March 4, 1962, by G.R. Whitnah, February 1963, General Mills Report Number 2373, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 123 pages. 

AD 333298, Dissemination of Solid and Liquid BW (Biological Warfare)Agents, Quarterly tz-.JA-5/C/ 8 Progress Report Number 9, June 4, 1962 - Sept. 4, 1962. by G.R. Whitnah, October 1962, General Mills Report Number 2344, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 130 (or 150) pages. 

AD 332405, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly 1 ~-.M-31'-f? Progress Report Number 8, Period March 4, 1962 - June 4, 1962. G.R. Whitnah, August 1962, General Mills Report Number 2322, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 198 pages. 

AD 329067, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly 12--M- Jl J'l> Progress Report Number Six, G.R. Whitnah, February 1962, General Mills Report Number 2264, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 103 pages. Approved by S.P. Jones, Manager, Materials and Mechanics Research, General Mills Research and Development Office, 2003 East Hennepin Avenue, Minneapolis 13, Minnesota. 

AD 327072, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly /2-M-Jf'f{ Progress Report Number Five, 4 June- 4 Sept 1961. by G.R.Whitnah, November 1961, General Mills Report Number 2249, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML2745. 

AD 325247, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly ,z.-M- ll a Progress Report Number 4, 4 March- 4 June 1961, by J.E. Upton for G.R. Whitnah, Project Manager. February 1963, General Mills Report Number 2216, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. General Mills Electronics Group, Research Dept., 2003 East Hennepin Avenue, Minneapolis 13, Minnesota. 225 pages. 

AD 324746, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Progress 12-.M- ~11.3 Report 3 Juen - 3 Sept. 1960. by G.R. Whitnah, October 1960, General Mills Report Number 2125, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 78 pages 
AD 323599, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly 12-M- "'JI.r'l Progress Report Nwnber 2, for period 4 Sept- 4 Dec 1960, by G.R. Whitnah, February 1961, General Mills Report Number 2161, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 90 pages? Mechanical Division of General Mills, Inc., Research Departmen~ 2003 East Hennepin Avenue, Minneapolis 13, Minnesota. 



AD 323598, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly 12-.#- 31 rsProgress Report, for period 4 Dec. 1960-4 March 1961, by G.R. Whitnah, May 1961, General Mills Report Number 2200, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 95 pages. 

AD 337635, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly 12-/H-315'(, Progress Report No. 10, period Sept. 4, 1962 - Dec. 4, 1962. G.R. Whitnah, Project Manager, Approved by S.P. Jones, Aerospace Research, February 1963.247 pages. 

Sincerely 




